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Morgan, 2015; Wilcox, 2004) . For instance, hearing non-signers depicting a helicopter in 48 silent gesture may come up with manual forms with strong resemblance with the 49 conventional sign HELICOPTER used by Deaf people in some sign languages ( Figure 1A) . It 50 is an intriguing, but currently untested question, whether hearing non-signing adults 51 implicitly exploit their repertoire of iconic gestures at first exposure to a sign language. This 52 possibility would extend previous research by showing that gesture assists not only in the 53 acquisition of a second spoken language (Kelly, McDevitt, & Esch, 2009 ), but also in the 54 acquisition of a sign language as a second language. Importantly, it would suggest that 55 learners resort not only to their mother tongue at the earliest stages of second language 2019). Having collected these gestures, it was possible to ii) carry out a comparison between the form of each systematic gesture with its NGT sign equivalent (gesture-sign cross-144 comparison). This allowed to have two sets of iconic signs that had high and low resemblance 145 with the iconic gestures collected in step (i) 1 . 146 i) Silent gesture task: Participants of this part of the study consisted of 20 adults (mean age: 147 27 years, age range: 21-46 years, 10 females), born in the Netherlands and with Dutch as 148 their single native language (none of these participants took part in the later ERP 149 experiment). They were seated in front of a laptop and were instructed to spontaneously come 150 up with a gesture that conveyed the same meaning as a single word (n=272) presented in 151 written form on the screen. Participants were not allowed to speak or point at any object in 152 the room during the production of gestures, but they could say 'pass!' when they could not 153 come up with a gesture. Each trial started with a fixation cross in the middle of the screen 154 (500 ms), followed by a single word in Dutch (4000 ms) during which they had to come up 155 with their gestural rendition. After the 4000 ms had lapsed, the next trial began. This strict 156 timing encouraged participants to come up with their most intuitive response. 157 Participants' renditions were coded using the linguistic annotator ELAN version 4.9.1 158 (Sloetjes & Wittenburg, 2018) . Each gesture or sequence of gestures consisted of a 159 preparation phase, a stroke, and a (partial/full) retraction (Kita, van Rijn, & van der Hulst, 160 1997). The form of each gesture was further annotated according to an existing coding 161 scheme that describes their forms without relying on written descriptions (Bressem, 2013; 162 Ladewig & Bressem, 2013). This notation system is applied to gestures' more salient 163 structural features which are loosely based on the four phonological parameters described for 164 sign languages (Brentari, 1999; van der Kooij, 2002) . These features are the configuration of 165 the hand, its orientation, the direction of the movement of the main articulator (i.e., the hand/s), and the location where the gesture takes place. Speed and quality of the movement 167 are additional features considered in this notation system but were not applied in the current 168 study.
169
Systematicity in gestural productions was operationalised as gestures that at least 170 across 50% of participants (n=10) shared minimally three out of its four features (i.e., 171 handshape, orientation, movement, and location) (Bressem, 2013) . If less than ten 172 participants produced a gesture that had sufficient overlap according to our criteria, then it 173 was considered that the concept did not elicit a systematic gesture and was not included in the 174 collection of systematic gestures. For example, for the concept 'butterfly' (vlinder) 11 175 participants flapped their arms as if personifying the insect themselves so this rendition was 176 considered a systematic gesture ( Figure 1A) . In contrast, the concept 'to cook' (koken) 177 elicited a wide array of gestural forms that were not homogeneous with at least ten of the 20 178 participants. Therefore, this concept was considered not to elicit a systematic gesture and was 179 not included in the set of systematic gestures.
180
ii) Gesture-sign cross-comparison: A Deaf native signer of Sign Language of the Netherlands 181 (NGT) was recruited as consultant to record the same 272 concepts used in the silent gesture 182 task in NGT. This Deaf consultant has used NGT all his life, is a qualified sign language 183 teacher, and has been an active member of the Deaf community in the Netherlands. After 184 signing consent forms, he was asked to produce the citation form of each concept with neutral 185 face and without any mouthings so as to avoid giving hints about the meaning of the sign via 186 lip patterns. Once all these signs were recorded, a different group of 20 hearing non-signing 187 adults (mean age = 21.8 years, age range: 19-32, 14 female) were asked to rate these signs for 188 their degree of meaning transparency (i.e., iconicity ratings). Participants were asked to rate 189 the degree of form-meaning mapping on a 7-point Likert scale while they viewed the sign along with its translation (1: low iconicity, 7: high iconicity). None of these raters took part in 191 the EEG experiment or in the silent gesture task.
192
In order to establish the degree of form similarity between gestures and signs we 193 carried out a comparison between the four main features of the systematic gestures from the 194 silent gesture task and the four components of conventionalised NGT signs (i.e., hand 195 configuration, orientation, movement, and location). Two categories were created. Signs with 196 high gestural overlap consisted of signs that overlap in at least three out of four constituents.
197
For instance, the NGT sign TO-BREAK falls in this category because all its sub-lexical 198 constituents overlap with the four features of the elicited systematic gesture. Signs with low 199 gestural overlap are signs that differ in two or more of its constituents with the corresponding 200 elicited systematic gesture. The sign BUTTERFLY falls in this category because there is no 201 overlap between sign and gesture in any of the constituents except for the handshape (i.e., 202 extended palm).
203
In order to ensure that it was the overlap with gesture and not the degree of iconic 204 form-meaning mapping behind any possible effect, we selected signs so that the final set of 205 signs was balanced for degree of iconicity across conditions (high overlap: n = 36, mean 206 rating: 4.77, sd = 1.32; low overlap: n = 36, mean: 4.76, sd = 1.12; t (35) = .032, p = .974).
207
There were 17 one-handed signs in the high overlap condition (19 two-handed signs) and 14 208 one-handed signs in the low overlap condition (22 two-handed signs). Furthermore, the Twenty-nine right-handed participants (mean age 22 years, range: 19-29 years, 19 218 females) participated in the ERP experiment. All participants were Dutch, studying in 219 Nijmegen, and Dutch was their single native language. None of these participants took part in 220 the silent gesture task or in the iconicity ratings task and they reported not having any 221 experience with any sign language. EEG data from one participant was not analysed due to a 222 large number of EEG artifacts visible during the recording session. Data from four 223 participants was excluded from the ERP analysis due to a large number of artifacts that had to 224 be removed during the pre-processing stage. In sum, data from 24 participants (mean age 20 After providing informed consent, participants were instructed that they would take 230 part in a four-block sign learning experiment. Each block was preceded by 5 practice trials, 231 using stimuli that were not used in the experimental trials. 232 1. First exposure (block 1): The aim of this block was to measure ERPs prior to any sign 233 language learning experience to determine whether the brain signal was sensitive to signs' 234 similarities with gestures at first exposure to sign language. Participants were seated in front 235 of a 20-inch Samsung computer monitor on which the stimulus materials (36 trials per 236 condition) were shown. Distance between participants and the screen was 100 cm. Each trial 237 consisted of a fixation cross in the middle of the screen (500 ms) which was followed by a 238 printed word in Dutch (e.g., vlinder, butterfly) that remained on the screen for 1000 ms. After 239 this time had lapsed, another fixation cross appeared in the middle of the screen (500 ms) followed by the NGT sign equivalent of the Dutch word (e.g., the sign BUTTERFLY) in a 241 video (14 x 8 cm). After the sign had played in full, the next trial began. ERPs were time-242 locked to video onset. In addition, the sign onset, defined as the instance when the hand 243 reached its location in the first fully formed handshape (Crasborn et al., 2015) was 244 determined by the first author using the frame-by-frame feature of the linguistic annotator 245 software ELAN version 4.9.1 (Sloetjes & Wittenburg, 2018). On average, the sign onset was 246 460.8 ms after video onset. Signs were presented in randomized order. Participants were 247 instructed to pay close attention to the words and signs but were not required to perform any 248 task during the presentation of the stimuli. 249 2. Learning phase (block 2): Participants were told they were going to be taught the same 250 signs from the first block. Each trial consisted of a fixation cross (500 ms), followed by the 251 video of a sign with a word in Dutch (the translation of the sign) presented under the 252 corresponding video for the duration of the video. This was then followed by a 3000 ms 253 blank screen. This trial was repeated three times for each sign and after each single 254 presentation of the sign participants were required to imitate it as accurately as possible so as 255 to encourage learning. Once the sign had been presented and imitated sequentially three 256 times, the next trial with a different sign began. Sign repetitions were video recorded and no 257 ERPs were measured. In each trial, a fixation cross was presented in the middle of the screen for 200 ms, followed 264 by a blank screen (200 ms), followed by a printed word (6000 ms) which was the Dutch translation of one of the signs presented throughout the experiment. Participants were 266 instructed to produce the NGT sign equivalent while each of the 72 concepts were randomly 267 presented on the screen. There was no feedback and participants could say 'pass' to indicate 268 that they could not remember the form of the sign. We were interested in getting intuitive 269 responses so we imposed a strict timing and after the 6000 ms lapsed the next trial began.
270
Sign productions were video recorded and no ERPs were measured.
271
This four-block design allowed for a manipulation of gestural overlap (high overlap 272 versus low overlap between the presented signs and the participants' gestural repertoire) and 273 learning (block 1 versus block 3). The cluster-based, non-parametric, data-driven approach to data analysis has the 305 advantage of controlling for the family-wise error rate that arises when an effect of interest is 306 evaluated at multiple time points and electrodes (Maris & Oostenveld, 2007) , which has often 307 led to a multiple comparisons problem in electrophysiological data analysis (Maris, 2012). To 308 describe the cluster-based permutation approach briefly, for each data point (electrode by 309 time), a simple dependent-samples t test comparing two conditions was performed. Adjacent 310 data points (spatial or temporal) exceeding an alpha level of .05 were grouped into clusters.
311
For all clusters (both positive and negative), the sum of the t statistics was used in the cluster-312 level test statistic. A null distribution was then calculated that assumed no difference between 313 conditions (3000 randomizations, calculating the largest cluster-level statistic for each against this null distribution. Clusters falling in the highest or lowest 2.5% percentile were 316 considered significant (Bonferroni corrected; a p value < .025 corresponds to a significant 317 effect).
319
Sign imitation (block 2) and sign production analysis (block 4) 320 In order to obtain a baseline of accuracy in sign production we looked at participants' 321 sign articulation in block 2 (learning phase). Participants imitated each sign three times 322 during this block, so we investigated their first rendition which was their first ever attempt to 323 execute the signs seen. We compared this baseline with sign production in block 4 (testing voltage difference between the two conditions between 700 and 800 ms after video-onset.
Discussion
word would have been followed by a disconfirmation. This finding is therefore also in line 400 with earlier work arguing that P300 amplitude may index (dis)confirmed expectations about 401 upcoming stimuli (Van Petten & Luka, 2012) .
402
Prima facie, it is surprising that we did not observe any differences in the N400 time-403 window, given that studies in spoken languages have consistently shown N400 effects for 404 cognates compared to non-cognate control words (e.g., Midgley et al., 2011; Peeters et al., 405 2013). Spoken language research has argued that the cognate status of a word facilitates 406 mapping the encountered word form to its meaning. We note two critical differences between 407 the present study and earlier research reporting cognate N400 effects in the domain of spoken 408 language. First, our sign stimuli in both the high and low overlap condition were highly 409 iconic, whereas spoken language research on cognates typically uses word stimuli that mostly 410 have an arbitrary link between form and meaning. It is an exciting possibility that iconicity 411 may facilitate form-meaning mapping in the acquisition of a second language in sign (Baus,
412
Carreiras, & Emmorey, 2012) and spoken languages (Deconinck, Boers, & Eyckmans, 2015) .
413
Second, spoken language research on cognates typically studies bilingual participants that 414 already have quite some knowledge of the foreign language they are tested in (Peeters, learning. We did see, however, few instances of gestural interference during sign production.
430
For instance, when attempting to recall the sign BUTTERFLY, one participant produced the 431 gesture documented in the silent gesture task (see Figure 1 ). That said, this was not a recurrent A . Grand average waveforms time-locked to video-onset comparing the ERPs elicited in block 1 to those from block 3, collapsed over the two gestural overlap conditions. The topographic plot shows the wide-spread corresponding voltage difference between the two blocks between sign onset (460 ms) and video offset (1400 ms). Overall, signs in block 1 elicited a sustained positivity compared to signs in block 3.
